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The present Invention is a method and 
apparatus for using virtual reality on screen dis- 
play (12a) to present a test stimulus of a first 
color superimposed on a background of a scr- 
ond color, for testing and qualifying visual in- 
formation from the eye, the visual pathways, 



and the brain. Headgear (12) configuration al- 
lows the patient to observe a held of view into 
which sequenced test stimuli are presented by 
an excitation device commanded by a computer 
(13). Interactive sensory feedback both to and 
from the patient enables computer driven pre- 
sentation, modulation of test stimuli to measure 
with precision such parameters as visual field 
performance, visual acuity, and color vision. 
Using the system allows the patient unprece- 
dented freedom of movement of the head, body 
minimizing or even eliminating the stress, and 
fatigue common with conventional non-virtual 
reality visual field testing systems. 




CA 02303887 2000-03-20 
WOW/13071 PCT/USW19547 



TITLE OF THE INVENTION 
Color on Color Vision Test and Apparatus 



BACKGROUND OF THE INVENTION 
This invention relates to optical testing of the eye's sensitivity to virion 
parameters of light, and in particular to visual field evaluation, using a virtual reality 
system* 

In the field of medicine where disorders of the eye are treated, it is necessary to 
measure the sensitivity to light in various regions of the light-sensitive retina. So doing 
measures function, as well as quantifying disorders of the eye and the retina, the optic 
nerve, the optic chiasm, the visual pathways to the brain, and the brain itself. Visual field 
testing is mandatory for glaucoma diagnosis and treatment Apparatus to measure the field 
of vision is used by ophthalmologists and optometrists for these purposes and is relatively 
complex in its various functions, some of which complexity tends to make the human 
patient become tired or lose attention to the test 



BRIEF SUMMARY OF THE INVENTION 

The purpose of the presently-described method and apparatus for visual field 
testing is to allow the sensitivity of the visual field to be measured without the attendant 
stress of the patient while preserving accuracy, and while increasing the sensitivity of the 
test to promote early detection of defects such as glaucomatous damage. The means by 
which this is accomplished uses concepts and apparatus from virtual reality. Virtual reality 
is a term applied loosely to the experience of an individual when exposed to the 
appearance of surroundings which are presented by interactive apparatus for stimulation of 
the senses. The primary cues are usually visual, supplemented by audio, and the feedback 
to the apparatus is generally by physical movements of the individual experiencing the 
virtual reality (such as pressing a button or a switch, or speaking into a microphone). 

The disclosed virtual reality visual field measuring method and apparatus uses a 
head-mounted goggle or face mask unit to present visual and audio stimuli to a patient 
The visual portion has both relatively fixed image information, and superimposed visual 
areas, which may van' in time, place, color, and intensity. These stimuli are generated and 
controlled by software in an associated computer, which receives interactive feedback 
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stimuli from the patient. Such stimuli include, but are not limited to, direction of gaze 
sensing, eyelid movement and blinking, audio, and hand pressure signals on cue. In the 
present invention; variation of colors" irTThe backjpoin^^ "is 
emphasized. 

Content of the software is dictated by die need to provide technically acceptable 
protocols. Such protocols provide for examining wide and narrow fields of view, selected 
areas, such as the blind spot or the fovea, and measurements of thresholds for sensitivity to 
light intensity, or, if desired, color. These are usually done for one eye at a time, each 
looking at the same, or similar, field of views. 

Active feedback sensing alerts the system to patient loss of attention in general, or 
loss of fixation in particular, for notation and reiteration of test stimuli. In the presently- 
described method and apparatus, provision is also made for reiteration of individual test 
points when a result is found to be inconsistent with a predetermined norm, or when lack 
of concentration or poor cooperation becomes evident, with appropriate care taken to 
provide no leading cues which may cause false positive or false negative responses. The 
software allows optional restful imagery to be provided in the "background," in addition to 
a conventional, uniform featureless field. The imagery in various quadrants/areas may be 
patterns, or low-contrast images, and may move quickly or slowly, and may have intensity, 
color, or temporal modulation. The intensity, color, location, and duration of the 
superimposed test points are displayed by conventional electronic means, such as are now 
used in image presentations. Such means include cathode-ray tube, electroluminescent 
liquid crystal, and gas discharge panels. A hard-copy printout documenting patient 
responses is provided for the physician's records. 

The present system provides relief from the stress of being required to concentrate, 
without head movement, one's gaze at a fixed location, as is the case with conventional 
visual field testers. The gaze sensor may be multi-element, so as to allow the gaze to be 
detected in a small solid angular range and. within this range, the effective fixation will be 
deemed to be maintained. The software may include an interest-fixation icon which 
encourages the gaze to trace its motion within the allowed solid angle, thus avoiding 
fixation fatigue. The software keeps track of the location of the test point frame of 
reference within that solid angle of displacement, so as to provide accurate mapping of test 
data on the field of view presented to the retina. The presentation of a test stimulus of a 
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first color, superimposed on a background of a second color, achieving a higher testing 
sensitivity than known before, is much more easily accomplished using the virtual reality 
apparatus of the pres ent invention than when using other known eqinpittent " 

In addition to visual field testing, it is certainly within the scope of this invention to 
provide other virtual reality computer-driven, interactive testing capability, such as for 
visual acuity and color testing. 

The novel features of this invention, as well as the invention itself, will be best 
understood from the attached drawings, taken along with the following description, in 
which similar reference' characters refer to similar parts, and in which: 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a schematic view of the apparatus of the present invention; 
Fig. 2(a) is a schematic view of the apparatus of Fig. 1 measuring a vertical angular 
field of view. 

15 Fig. 2(b) is a schematic view of the apparatus of Fig. 1 measuring a horizontal 

angular field of view. 



DETAILED DESCRIPTION OF THE INVENTION 
Fig. 1 shows a schematic of the virtual reality visual field testing system 5 of the 
20 present invention, in which a head-gear assembly 12 is connected to a computer 13, which 
delivers a visual signal to a head-gear display screen 12(a), and an audio signal to a head- 
gear earphone 14. 

The head-mounted visual display apparatus, head-gear 12, which remains in a fixed 
spatial relationship to the patient's head during testing of the visual field, is adjustable to 

25 suit the individual patient, and is mounted on the patient's head by conventional means. 
The screen display 12(a) is part of the head-gear 12 and encompasses the maximum field 
of view required. The head-gear 12 is provided with an integral microphone 15 and a 
speaker or earphone 1 4, for audio communication and feedback, and a multi-element gaze- 
aim sensor array 1 7. The microphone IS provides feedback audio response to the computer 

30 13. The head-gear assembly 12 is connected, by appropriate means, to the computer 13 
which provides the necessary visual and audio stimuli for the patient, and which receives 
the feedback responses to enable interactive functioning of the system. A hand-operated 
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switch 16 is incorporated to provide feedback to the computer 13, and the gaze sensor 17, 
mounted in the direction of gaze, provides optical gaze direction feedback to the computer 

1* 

Fig. 2(a) shows, by dashed line 6, a vertical image surface covering an angular field 
5 of view 7 on the screen display 12(a). 

Fig. 2(b) shows, by dashed line 10, a horizontal image sur&ce coming an angular 
field of view 1 1 on the screen display 12(a). 

An element of the virtual reality visual field testing system 5 is that it allows the 
patient the freedom to shift his/her gaze, while in the test mode, without disruption of the 
10 process, thus relieving one of the causes of patient stress. Another feature provided is the 
ability to modulate the background scene brightness, contrast, color, optical stimulus size 
and detail, and duration of the test stimuli, all of which serve to relieve fatigue of the 
patient Of paramount significance is that the patient may move around bodily, since the 
head gear 12 is portable and, in addition, electrical interfaces to the computer 13 may be 
15 wireless. 

In addition to a vastly more patient-friendly and portable test setting, a further 
significant advantage of the presently-described method and apparatus is that background 
light intensity and other parameters can be easily calibrated to predetermined settings, thus 
eliminating the requirement mandated by conventional visual field testers to calibrate these 
20 parameters for the entire room. For instance, the fact that room brightness can vary almost 
imperceptibly, but yet significantly, from day to day in conventional visual field testing 
situations creates built-in unreliability of the test data received from the patient 

Furthermore, feelings of anxiety frequently displayed by patients undergoing 
conventional visual field testing in which first one eye and then the fellow eye is covered 
25 with an occluder patch can be eliminated in the preferred embodiment, since both eyes can 
be tested simultaneously, or separately and independently, through the use of individual 
eye goggles, or an appropriate face mask, to provide gaze separation. 

Any desired imagery can be provided in the "background,* 1 or a conventional, 
uniform featureless field can be used. The background in various quadrants/areas may 
30 include patterns, or low-contrast images, and if present, these images may move quickly or 
slowly. Further, the intensity or color of the background may be changed, and any image, 
color, or brightness can be modulated over time. The shape, intensity, color, location, and 
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duration of the superimposed test points also may be changed, and these characteristics can 
be modulated over time. 

The fovea! region of the re t ina contains a high demftjro f co n e s, t he col or sensitive 

receptors, and the rest of the retina is populated mainly by rods, which are relatively 

5 insensitive to color. Therefore, the use of a test stimulus of a first color superimposed on a 
background of a second color is a beneficial practice to be incorporated in some visual 
field testing, especially in peripheral visual field testing. This practice is known to improve 
the sensitivity of visual field testing, resulting in earlier detection of glaucomatous 
damage. This advantage can be employed by using various combinations of colors. It has 

10 been determined that a particularly beneficial combination of colors is the use of a blue, 
test stimulus on a yellow background. 

In the present invention, a test stimulus of a first color, preferably blue, can be 
superimposed on a background of a second color, preferably yellow, either for viewing by 
both eyes, or for viewing by only one eye. The second eye can be presented with only a 

15 background of the second color. Presenting the color-on-color image for only one eye can 
be useful in preventing retinal rivalry, thereby reducing the stress imposed upon the patient 
during testing. 

Whether viewed by one eye or both, if yellow is used for the background, it 
produces a relatively strong excitation of the medium wave length and long wave length 
20 retinal cone receptors, while producing little or no excitation of the short wave length 
retinal cone receptors. On the other hand, if blue is used for the test stimulus, it produces a 
relatively strong excitation of the short wave length retinal cone receptors, while producing 
little or no excitation of the medium wave length and long wave length retinal cone 
receptors. 

25 

While the particular invention as herein shown and disclosed in detail is fully 
capable of obtaining the objects and providing the advantages hereinbefore stated, it is to 
be understood that this disclosure is merely illustrative of the presently prefer red 
embodiments of the invention and that no limitations are intended other than as described 
30 in the appended claims. 
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CLAIMS 

Wc claim: 

1 1. A visual field testing apparatus, comprising: 

2 a frame, said frame being adapted to mount in a substantially motionless 

3 relationship to the head of a patient, while allowing the bead to move; 

4 an electronic image display device mounted to said frame, said display device 

5 being constructed and positioned to display an electronic image 

6 encompassing the visual field of at least one eye of a patient wearing said 

7 frame, said image including a test stimulus, said test stimulus having its 

8 visibility enhanced by color selection; 

9 a gaze sensing device adapted to sense the orientation of at least one eye of a 

I o patient wearing said frame; and 

I I a computer, said computer being connected to said display device to generate said 

12 electronic image including said color-enhanced test stimulus, said computer 

13 being capable of receiving at least one signal and calculating at least one 

14 characteristic of the visual field of the patient 

1 2. A visual field testing apparatus as recited in claim 1 , wherein: 

2 said electronic image further includes a background upon which said test stimulus 

3 is displayed; 

4 said test stimulus exhibits a first color, and 

5 said background exhibits a second color different from said first color. 

1 3. A visual field testing apparatus as recited in claim 2, wherein said first 

2 color is blue and said second color is yellow. 
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1 4. A visual field testing apparatus as recited in claim 1, wherein said at least 

2 one signal received by said computer is a gaze orientation signal. 



1 S. A visual field testing apparatus as recited in claim 4, wherein said compute 

2 receives a gaze orientation signal and a patient response signal. 

1 6. A visual field testing apparatus as recited in claim 5, further comprising a 

2 response sensing device separate from said gaze sensing device; 

3 wherein: 

4 said gaze orientation signal is generated by said gaze sensing device; and 

5 said patient response signal is generated by said response sensing device. 

1 7. A visual field testing apparatus as recited in claim 6, wherein said response 

2 sensing device comprises a switch manipulated by the patient. 



1 8. A visual field testing apparatus as recited in claim 6, wherein said response 

2 sensing device comprises a motion detector. 

1 9. A visual field testing apparatus as recited in claim 6, wherein said response 

2 sensing device comprises a sound detector. 

1 1 0. A visual field testing apparatus as recited in claim 6, wherein said response 

2 sensing device comprises a gaze sensor. 



7 



CA 02303887 2000-03-20 



WO 99/15071 



PCT/US98/I9547 



1 

2 



10 
It 
12 



11. A visual field testing apparatus, comprising: 

a frame, said frame being adapted to mount in a substantially motionless 
relationship to the head of a patient, while allowing the head tomov^ 

an electronic image display device mounted to said frame, said display device 
being constructed and positioned to display an electronic image 
encompassing the visual field of at least one eye of a patient wearing said 
frame, said image including a test stimulus of a first color displayed upon a 
background of a second color, 

a gaze sensing device adapted to sense the orientation of at least one eye of a 
patient wearing said frame and to generate a gaze orientation signal; 

a response sensing device adapted to sense a patient's response to a visual stimulus 
and to generate a response signaled 

a computer, said computer being connected to said display device to generate said 
electronic image including said color-enhanced test stimulus, said computer 
being connected to said gaze sensing device to receive said gaze orientation 
signal, said computer being connected to said response sensing device to 
receive said response signal, and said computer being capable of measuring 
said gaze orientation signal and said response signal and calculating at least 
one characteristic of the visual field of the patient 



12. A visual field testing apparatus as recited in claim 11, wherein said first 



color is blue and said second color is yellow. 
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13. A method for measuring at least one characteristic of the visual field of a 
, comprising: 

mounting a virtual reality apparatus in a substantiMlyraotionless relationship to the 
head of a patient, while allowing the head to move, said virtual reality 
apparatus having an electronic image display device and at least one 
sensing device, said virtual reality apparatus being connected to a computer; 

displaying an electronic image generated by said computer, said image 
encompassing the visual field of at least one eye of the patient, said image 
including a test stimulus; 

enhancing the visibility of said test stimulus by color selection; 

sensing the orientation of at least one eye of the patient and generating a gaze 
orientation signal; 

sensing the patient's response to said electronic image and generating a response 
signal; 

receiving said gaze orientation signal and said response signal with said computer 
and calculating at least one characteristic of the visual field of the patient 

14. A method as recited in claim 13, further comprising: 
displaying said test stimulus on a background; and 

enhancing said visibility of said test stimulus by displaying said test stimulus in a 
first color and displaying said background in a second color different from 
said first color. 

15. A method as recited in claim 1 4, further comprising: 
displaying said test stimulus in blue; and 

displaying said background in yellow. 
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